T HE CONCEPT
of two adrenergic mediator substances, sympathin E and I as proposed by Cannon and Rosenblueth (I), involved in the excitation or inhibition of sympathetically innervated organs has been subjected to much criticism. Among these is the observation that it has not yet been possible to isolate substances from biological material with the properties required to satisfy this concept. Euler (2) and Bacq and Fisher (3) have suggested that only epinephrine (sympathin A) and arterenol (sympathin N) are involved in the mediation of sympathetic nerve impulses. This assumption is supported by the observation that Iarterenol, as well as epinephrine, is formed in the adrenal medulla (4-10) and may be obtained from blood, various visceral organs and sympathetic nerve fibers (I I, I 2). Neither of these substances satisfies the requirements for sympathin I or E inasmuch as both may cause excitation or inhibition (13; reviewed 14).
Ahlquist (IS) has suggested that variations in the activity of sympathetically innervated organs could result from the presence of different receptors.
He has proposed an alpha adrenotropic receptor for vasoconstriction in the viscera and skin, contraction of the nictitating membrane and uterus, relaxation of the intestine and ureter and stimulation of the dilator pupillae; a beta adrenotropic receptor for vasodilation in skeletal muscle, the coronary vessels and viscera, relaxation of the uterus and bronchioles and for stimulation of the myocardium. This assumption requires that stimulation of either receptor may cause either excitation or inhibition; that union with the cell receptor is determined by the structure of the sympathomimetic amine, but the nature of the response elicited after union is determined by the organ. This paradox is avoided in the original concept of Dale (16) The concept of specific adrenotropic excitatory or inhibitory receptors suggests that the molecular configuration optimal for each receptor may also be different.
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The experiments described in this communication were carried out in an effort to examine further the concept of specific receptors and to determine the optimal structural configuration for the elicitation of each type of sympathetic response.
PROCEDURE
Blood pressure changes were determined in dogs anesthetized either with pentobarbital sodium or thiopental sodium followed by barbital sodium. The various sympathomimetic amines, as aqueous solutions of the salt, were injected intravenously. Bronchodilator action was determined in the guinea pig by lung perfusion (2 I) or, in the unanesthetized animal, by the histamine mist method (22 
RESULTS

Cardiovascular.
The effect on blood pressure has been evaluated in terms of four basic modifications in the structure of the simple sympathomimetic compound, ,&phenethylamine.
They are: I) a m-hydroxyl group or II) a p-hydroxyl group on the ring, III) an alcoholic hydroxyl on the ,&carbon of the side chain and IV) an Nalkyl group. The results obtained suggested that the m-hydroxyl is the key group for vasopressor action. The subsequent addition of each of the other groups increases activity in the order: alcoholic hydroxyl (2, 3, table I), p-hydroxyl (4, 6) , N-methyl (5, 7). In the absence of the m-hydroxyl group, these substitutions diminish pressor potency and, with N-alkyl groups larger than methyl, the resultant response is depressor. The presence of an alcoholic hydroxyl on the carbon of the side chain bearing the ring is the key group for vasodepressor action. The subsequent addition of groups, other than a m-hydroxyl, either reduces pressor action or increases depressor effects ( N-isopropyl-P-phenethylamine is almost inactive whereas I-phenyl-zisopropylaminoethanol causes a prolonged fall in blood pressure (25) . This may be further illustrated by the kymogram shown in figure I . After an intravenous injection of I .8 mg/kg. of the adrenolytic agent, 2-(diethylaminomethyl)-benzodioxane (Prosympal), in an anesthetized (pentobarbital sodium) dog epinephrine pressor action was partially reversed, the depressor action of Isuprel increased and the pressor action of I -(3 , +dihydroxyphenyl) -2 -methylaminoethane (Epinine) unchanged. This latter drug, in which the alcoholic hydroxyl of epinephrine is absent, has little or no depressor component.
It should be added here that the term 'adrenolytic' is clearly inadequate for both pressor and depressor effects are sympathomimetic or epinephrine-like actions.
The importance of the p-hydroxyl for depressor action is demonstrated by I) a reduction in pressor potency (I, 2, 4, 5, table 2) and 2) increased depressor action (3, 6) . Thus, 1 -(+hydroxyphenyl) -2-aminoethanol is less pressor than 1 -phenyl-2 -aminoethanol ; I -(+hydroxyphenyl) -2 -methylaminoethanol less than I -phenyl+ methylaminoethanol.
The N-isopropyl analog of the former is distinctly more depressor than the corresponding analog of the latter. The above results, when interpreted in terms of the adrenotropic receptors, suggest that action on the excitatory receptor is favored by the m-hydroxyl group; the inhibitory receptor, by the alcoholic hydroxyl. When both groups are present in the molecule, sympathomimetic potency is greatly increased but mixed effects are obtained in various vascular beds with contraction or relaxation depending upon the relative concentration and sensitivity of each type of receptor and upon the stimulating potency of the sympathomimetic drug for each type. This latter observation is illustrated by the kymogram shown in figure 2. Cocaine increases excitatory (pressor) action of epinephrine. In this experiment, the intravenous injection of 2.0 mg/kg. of cocaine increased the pressor action of epinephrine about 40 per cent without altering the depressor action of Isuprel. A rise in blood pressure was observed with all doses of I-(3-hydroxyphenyl)-2-methylaminoethanol (Neo-Synephrine). The addition of the second hydroxyl to the ring (epinephrine) results in a molecule that is usually depressor at low and pressor at high doses. The removal of the N-alkyl group (arterenol) diminished but did not abolish this depressor effect (13) . The presence of an N-ethyl group increases the depressor component of action. As previously pointed out, the substitution of an N-alkyl group larger than methyl to r-(g-hydroxyphenyl)-2-aminoethanol results in depressor action, with suppression of the pressor component. Ahlquist (IS) has suggested that the heart is supplied with beta receptors inasmuch as Isuprel is a potent stimulant. All of the important sympathomimetic amines increase rate and amplitude. Such results are more easily explained if one zz-(diethylaminomethyl)-benzodioxane (Prosympal), on the blood pressure response to Epinine, epinephrine and Isuprel. From above downward: respiration, carotid blood pressure and time in minutes. Between C and D, Prosympal, 1.88 mg/kg., was injected into the exposed femoral vein.
assumes that the cardiac receptor is undifferentiated. The sympathetic nerves to the heart are excitatory, antagonistic inhibitory action being brought about through the parasympathetic or cholinergic division at the autonomic system. Sympathomimetic drugs stimulate, the intensity being determined by the total sympathomimetic activity exerted by the molecule. This may be illustrated by the following series, which has been arranged in order of increasing effect on rate and amplitude: I-(3-hydroxyphenyl)-2-methylaminoethanol (Neo-Synephrine); I-(3 ,4-dihydroxyphenyl)-2-methylaminoethanol (epinephrine); I-(3 ,4-dihydroxyphenyl)-2-aminoethano1 (arterenol) ; I-(3 ,4-dihydroxyphenyl)-2-isopropylaminoethanol (Isuprel). A comparison of the effects resulting from an increase in the length of the side chain provides further evidence. The vascular and cardiac actions of I-(3 ,4-dihydroxyphenyl)-2-amino-r-butanol (Butanefrine) are weak (IS, 26, 27) . The N-isopropyl homolog is distinctly more depressor and cardiac stimulating but less active than Isuprel. Both of the butanol derivatives are clearly less effective as sympathomimetic agents and also less active on the heart (18) . Nickerson and Nomaguchi (28) have reported Dibenamine blockade of the chronotropic actions of epinephrine in the hearts of winter frogs. No such effect was observed with summer frogs or in winter frogs after administration of anterior-pituitary lobe extract. These results also suggest the existence of an excitatory receptor sensitive to blocking agents, but not usually apparent due to the stimulating action on a system resistant to adrenolytic drugs. Results obtained with the blood pressure response suggest that adrenolytic agents do not block depressor action ( fig. I) and that action on the inhibitory receptor apparently is not diminished. These observations suggest that the cardiac receptor responds to sympathomimetic amines to the degree to which these agents stimulate either receptor mechanism.
It may be assumed, in agreement with the original observations of Dale, that two distinct receptor mechanisms are involved in the sympathetic responses described here. Excitatory actions (AC), as involved in the production of vasoconstriction, and inhibitory action (Ar), as involved in vasodilatation, may be considered to result respiration, carotid blood pressure and time, in minutes. Between B and C, cocaine, 2.0 mg/kg., was injected into the exposed femoral vein.
from action on specific receptors. The degree of vascular tonus, at any given instant is the resultant of the degree of each type of action. The sympathetic receptors of the myocardium, on the other hand, may be considered as undifferentiated (Acr) mediating only excitation in opposition to the inhibitory actions of the parasympathetic mechanism. In this connection, it is interesting to note that Garrey (28) has shown that the embryonic chick heart is not sensitive to autonomic agents before autonomic innervation. Likewise, the tortoise ventricle has few, if any, autonomic nerve fibers and is not significantly influenced by epinephrine at concentrations as great as 1:40,000 to I: 10,cxxo (29, 30) . Bronchodilation. In these experiments on perfused guinea pig lungs, a high degree of bronchial tonus was induced by means of histamine. Relaxation is the predominant response to epinephrine-like substances and Isuprel is distinctly more effective than epinephrine (25, 31) (25) .
The N-isopropyl analogs of these drugs are without important inhibitory action whereas with the alcoholic hydroxyl present (Isuprel), strong inhibitory action is obtained with both guinea pig and rabbit uteri ( 5) Action on Small Intestine. Epinephrine usually causes relaxation of the small intestine. However, strong excitation is often obtained with isolated segments when epinephrine or I-arterenol are present at concentrations of I: I million to I: IOO million (13). Similar results have been reported for epinephrine with guinea pig ileum (32) and horse duodenum (33) . We have obtained epinephrine induced contractures with both guinea pig and rabbit ileum. This action is illustrated by figure 4 . Both the pyloric and ileocecal sphincters (16, 34) may be contracted by epinephrine. These results suggest that AC receptors are present and play a role in the control of intestinal tonus.
Average results obtained with isolated segments of guinea pig ileum indicate that Isuprel, epinephrine and Z-arterenol have inhibitory activities of the same order of magnitude, but with I-arterenol > Isuprel > epinephrine (table 4) . Isuprel is a d,l mixture and if we assume the active portion is the l-isomer, this substance would appear to be about three times more potent than I-epinephrine. Experiments on the dog intestine in situ, in which these drugs were administered intravenously, did not indicate any important difference in potency, except as indicated above. Isolated segments of rabbit ileum were inhibited by epinephrine and I-arterenol at concentrations of I : 50 million. Neo-Synephrine was much less potent, requiring concentrations of I: 20,000 to I: 5oo,ooo. The N-isopropyl analog (WIN 5507) is not more active. At another place in this presentation, we have discussed the effect of adrenolytic agents on the response of the intestine to epinephrine. Inhibitory action is not abolished usually by doses of adrenolytic drugs that will reverse the vasodepressor action of epinephrine (16, 20) . However, Rothlin (35) has reported epinephrine blockade of rabbit intestine with relatively high concentrations of dihydroergokryptine (16 X 10~) and dihydroergotamine (4 X 10~) ; also Meier, Yonkman, Craver and Gross (36) observed a 65 per cent reduction in action with 2-[N-p'-tolyl-N-(m'-hydroxyphenyl)-aminomethyl]-imidazoline (C-7337, Regitine) at concentrations of 5 X IO-~. Excitatory action (sphincter tonus) is usually abolished by adrenolytic agents (16) . Such effects would be expected if both Ar and AC receptors are present in intestinal smooth muscle, with the latter important for the maintenance of sphincter tonus. DISCUSSION An examination of the available literature will disclose similar patterns of activity for other organs than those described in this communication. The response of the cat nictitating membrane to sympathomimetic drugs suggests that the AC receptor is dominant in this organ. Bacq (37) found epinephrine slightly more effective than arterenol whereas Gaddum et al. (17) found both drugs equally stimulating. These differences in results may arise from the use of d,Z-arterenol by Bacq whereas Gaddum's group used the l-isomer. Removal of the p-hydroxyl group of the epinephrine molecule reduces excitation to about one fourth; removal of the m-hydroxyl to about 1/30 to 1/120 that of epinephrine (17, 38) . The alcoholic hydroxyl is not essential for signiiicant excitatory action. Epinine is almost as effective as epinephrine whereas Kephrine and hydroxytyramine are somewhat less potent (I 7). The N-alkyl homologs of arterenol larger than methyl are either weak (N-ethyl) or cause relaxation (Niwrw0 (15, r 7). Similar results have been obtained with the dog retractor penis preparation. Important excitatory action has been observed with Kephrine and Epinine as well as with epinephrine. Epinephrine is definitely more effective than arterenol, when the racemic salts (38) or the Z-isomers (39) of both drugs are compared. Isuprel relaxes this organ when it is tonically contracted (13). These data suggest that the Ar receptor is present in both of the above organs but is relatively unimportant under the experimental conditions involved in these experiments. The principal effects observed are those associated with stimulation of the AC receptor.
Burn (40) has described excitatory and inhibitory action on various autonomically innervated structures, for both acetylcholine and epinephrine, wherein the characteristic action of both substances could be reversed by appropriate experimental procedures. Strips of rabbit intestine exposed to increasing concentrations of acetylcholine were completely inhibited at a concentration of 3 X IO-~. Lower concentrations were sufficient to produce this effect when the rat uterus was used (41.) Similarly, in experiments with perfused rabbit ears, the addition of ephedrine hydrochloride at a concentration of IO-~ to the Locke solution reversed the constrictor action of epinephrine (42). From these and other observations, Burn assumes that the reversal actions involve a single receptor in each instance, the reversal resulting from an excess of the normal agent at the receptor surface. When the number of free receptors are small relative to the number of molecules of acetylcholine or epinephrine, these substances combine with the receptor in an abnormal manner and block them (42). However, it is difficult to fit this hypothesis to the sympathomimetic amines. Epinephrine is inhibitory at high dilution and excitatory at greater concentrations for most vascular areas. Isuprel, the N-isopropyl analog of arterenol, is only inhibitory at all concentrations tried by us. Presumably this substance unites with the epinephrine-sensitive receptor much as do agents showing the reversal phenomenon. Sympatholytic agents have no demonstrable vasoconstrictor action and usually cause some reduction in mean arterial pressure (43, 44 of AC receptors or by excitatory action on an undifferentiated sympathetic, Acr, receptor mechanism (myocardium).
SUMMARY
Experimental results described in this communication suggest that the nature of the receptors involved in the responses determine whether or not sympathomimetic drugs cause excitation or inhibition. With epinephrine-like sympathomimetic compounds, the m-hydroxyl group is most important for stimulation of the excitatory (AC) receptor; the alcoholic hydroxyl on the side chain for the inhibitory (Ar) receptor. When both groups are present, mixed effects may be obtained in the responding organ depending, in large part, upon the relative number and sensitivity of each type of receptor present. The sympathetic receptor mechanism in the heart appears to be undifferentiated (Acr) and this organ is stimulated by substances with a strong affinity for either receptor. 
